Summary: Animal health economics is being formally integrated into such institutions as sub-Saharan
INTRODUCTION
Progress in any subject depends largely on the way in which that subject is perceived by practitioners in the discipline, and the way in which future practitioners are trained. Animal health economics appears to be a fashionable subject in Africa at present, as shown by the development of Veterinary Epidemiology Units in countries such as Kenya, Tanzania and Zambia, and by the establishment of epidemiology and economics courses at both undergraduate and post-graduate levels in sub-Saharan African universities (38, 39 ; J. Cleese, personal communication).
On an historical note, veterinarians, especially epidemiologists, being practical in approach, have not wanted to limit veterinary work purely to technical areas and, as a result, have also entered the field of the socio-economics of animal health.
Unfortunately, there appears to be some misconception as to the nature of animal health economics (what it is and how it should be applied to increase the efficiency of animal production systems and product marketing chains) in relation to veterinary epidemiology. To quote Grindle, 'The rigor which epidemiologists apply to their own scientific area should apply when they cross the disciplinary boundaries into financial and economic analysis' (19) . This paper addresses the issue, in addition to exploring the implications for the practice of and training in economics.
ANIMAL HEALTH ECONOMICS
Economics is a science of making choices. It analyses allocation of scarce resources in the realm of competing human demands. Economics is divided into microeconomics, which deals with economic principles and methods relevant to a particular sector of the economy, and macroeconomics, which studies the economy as a whole, i.e. economic aggregates and interrelationships between sectors. The field of agricultural economics has been developed to deal with problems in the agricultural sector, including links between agriculture and other sectors of the economy (7).
Economics comprises both economic theory and methods, which form the framework or tool kit used to analyse economic problems or to plan for the future (12, 30) . To apply economic principles to agriculture effectively, the economist must also understand the biology of agricultural production (12).
Animal health economics is the area of economics or, more particularly, of agricultural economics that applies the principles and methods of economic analysis to animal health problems. The need for veterinarians with economic skills in sub-Saharan Africa has already been described (35, 37) .
Institutional economics is a useful addition to neo-classical economics when analysing animal health problems. Institutional economics may be described as the economic analysis of organisations and other economic agents, taking into consideration transaction costs and the roles of incentives and social institutions (28) . Institutionalists seek to understand what motivates economic agents in order to develop effective reform strategies, e.g. privatisation of delivery systems (44) .
In animal health economics, the task is either to analyse the consequences of a change, e.g. introducing a new vaccine or policy, or to make a judgement on how desirable such a change would be. The former activity falls into the category of positive economics, whereas the latter is normative economics (26) . Normative economics, or welfare economics, evaluates the consequences of proposed changes and makes recommendations on the desirability of such changes. It is prescriptive and value judgements are involved. Economic policy may be placed in the category of normative economics.
As regards the scope of animal health economics, most of the work reported in veterinary journals has been in the area of losses due to diseases and cost-benefit analysis of control strategies. This work may be called the economic analysis of animal diseases and intervention strategies. In the past, little use was made of economic principles and methods to analyse veterinary delivery systems and the management of such systems (animal health services economics). This situation appears to be changing, with recent contributions from livestock development specialists, political scientists, economists and veterinarians, who are all concerned with the management of veterinary delivery systems, especially in developing countries. Economics has made a positive contribution to the analysis of: -financing of veterinary delivery services in Africa (2) -provision of Veterinary Services and the roles of the State and the private sector in such provision (9, 10, 27, 28, 36, 47) -planning for staff, budgeting and public finance (25) .
Animal health economics should encompass the following components:
-animal health services economics (management and economics of delivery systems, veterinary finance and animal health policy analysis) -economic analysis of animal diseases and intervention strategies, including the efficiency and equity of veterinary interventions.
THEORY, CONCEPTS, MODELS, METHODS AND TECHNIQUES IN ANIMAL HEALTH ECONOMICS
There is a need to distinguish between economic theory (concepts and models), methods and techniques.
A concept is an idea or general notion which is an abstraction from the particular. Concepts help to simplify and classify our observations about the real world (21) . Some examples of important concepts in economics are the notions of the marginal principle, the opportunity cost and the disease cost. The disease cost concept evaluates the losses caused by a disease, plus the expenditure incurred in lessening the effect of that disease (32) .
Methods are general and widely applicable procedures or plans of action or enquiry for solving problems (e.g. budgeting), whereas techniques are typically variations of particular methods, and apply to relatively specific contexts, for example, partial budgeting (16) . Techniques abound in applied fields.
Economic theory is a collection of interrelated propositions or hypotheses. These hypotheses take the form of models of economic behaviour, with each model capable of being tested empirically. Economic models are abstract, logical constructs comprising two components: assumptions and the implications of such assumptions (43) . Theory may be used to describe, explain or predict the economic behaviour of agents or economic variables. Furthermore, theory guides research. It is theory, therefore, that guides economists in choosing appropriate concepts, models, methods and techniques for investigating economic problems and for analysing data in both basic and applied work.
Most of the work on animal health delivery systems uses extensive economic theory with little statistical analysis (2, 9, 10, 27, 28, 36, 47) but, as the field develops, one would expect to see the application of more statistical and econometric methods and techniques. Methods and techniques in animal health economics will be discussed after this paper has analysed the relationship between animal health economics and veterinary epidemiology. This analysis will place the two closely related applied sciences in context and guide the reader in designing appropriate research programmes to generate data required in economic analyses of animal health problems.
ANIMAL HEALTH ECONOMICS AND VETERINARY EPIDEMIOLOGY
There are two principal ways of classifying the relationship between animal health economics and veterinary epidemiology: the hierarchical classification and the methodological classification.
Hierarchical classification
Under hierarchical classification, two approaches have been used. First, some consider that animal health economics is an integral part of veterinary epidemiology (1, 21, 22) . This is also implicitly acknowledged in some veterinary epidemiology texts, in which there is, usually, only one chapter devoted to animal health economics (48, 49) .
For example, one textbook defines epidemiology as the study of the behaviour and determinants of disease and impaired productivity in populations; a study whose purpose is to recommend actions for prevention, control or treatment of the problem being studied (1). Epidemiology is further described as an eclectic field, primarily combining concepts, methods and methodologies of medicine, biology, mathematics, statistics, economics and management to achieve objectives.
The second approach is to regard animal health economics and veterinary epidemiology as complementary subjects in the wider field of animal health. This is the view taken by three textbooks (33, 45, 50) . Interestingly, most leading texts of medical epidemiology do not cover topics of medical economics (20, 29, 34) . Such topics are covered in separate texts, such as those by Drummond and Drummond et al., thus making a clear distinction between medical epidemiology and health economics (14, 15) . However, the economics texts do emphasise the role of epidemiology in economic analysis.
Methodological classification
In the literature on animal health economics -more specifically on the economics of disease and disease control -again, one finds two types of approach.
First, there is the 'epidemiology-centred approach', whereby economic values (such as costs and revenues) are attached to epidemiological results to obtain the cost of diseases or the economic benefit from controlling diseases.
The 'economic model-centred approach' argues that the economic framework, usually a model, is the most fundamental component in the economic analysis of diseases and disease control. The model should, where appropriate, be informed by both economic and epidemiological data. The main proponents of this approach are economists. There is also a new breed of 'veterinary economists' who employ this method. The case for the 'economic model first approach' has been well argued by Howe, Grindle, McInerney et al. and Buhr et al. (5, 19, 23, 30, 32) .
It is almost universally accepted that epidemiological theories and methods are distinct from economic theories and methods and, in fact, one may perform an epidemiological study without the use of economics. The reverse is difficult to prove even in purely theoretical analysis.
The hierarchical classification and the methodological classification are not exclusive. Moreover, and importantly, these two ways of regarding the relationship between epidemiology and economics are not mirror images, in terms of the further divisions to be found within each method. The methodological classification is more profound than the hierarchical classification. Most articles on veterinary economics in veterinary journals show this distinction between the two approaches (23, 32) . This issue has a bearing on the development of veterinary epidemiology and economics in sub-Saharan Africa, as choices have to be made among different graduate programmes required to train professional staff. Training courses in sub-Saharan Africa are likely to reflect the particular approach favoured by the developers of these courses.
METHODS AND TECHNIQUES IN ANIMAL HEALTH ECONOMICS Choice and opportunity costs
In the traditional area of the economics of disease loss and disease control, many methods and techniques have been used for analysis. The idea of choice is central to any economic analysis. The basic premise in analysis is to compare a single disease control strategy with the consequences of doing nothing.
In allocating resources to one activity (say, activity A), rather than to other activities (ranging from B to Z), a cost is incurred. Economists call this the opportunity cost of a decision, i.e. the benefit that one foregoes by not selecting the best alternative course of action among the choices available (B). The benefit obtained from performing A can then be compared with the associated economic cost of carrying out B, i.e. the opportunity cost. As long as this benefit exceeds the cost of B, project A is worth undertaking. In animal health one examines the marginal gain of this allocation against the marginal cost (the opportunity cost). Using this methodology, one can rank different activities on the basis of net benefit value, in descending order of preference.
Although the opportunity cost is real, it is convenient, when analysing the costs of economic activities, to value such activities in common monetary accounting units, such as the dollar (43) . In economies without distortions, the economic cost will be equal to the historic cost using actual prices paid. Where there are distortions, the two types of costs diverge. It is therefore important that any economic analysis should be consistent in pricing inputs and outputs. This consistency can be achieved either by using historic prices (financial analysis -which may be regarded as an exercise in accounting) or by using the real economic cost (the opportunity cost), in which case all price distortions must be identified and corrected.
The marginal principle
When shifting resources from one activity to another, one should examine what happens at the margin by comparing the extra benefit that will result from this shift and the opportunity cost of the extra resources. Economic theory states that one should spend more and more resources until the point at which an additional dollar spent earns exactly one dollar. This is the marginal principle of all economic analyses (32) . Thus, in carrying out economic evaluation of animal diseases, one has to apply the two concepts of opportunity cost and marginal principle consistently. McInerney further argues that in animal health economics one should examine the avoidable losses and not the total cost of disease (30, 32) .
Partial analysis
In economic and financial analyses, comparing the situation without the project to the situation with the project (the 'with and without project methodology') is preferable to comparing the situation before the project with the situation after the project (the 'before and after methodology'). By using the 'with and without project methodology', one can correctly attribute the net benefit to the project in question (18, 45) . This 'with and without' methodology is closer to experimental methodology than the 'before and after' methodology. The basic structure of the analysis compares (marginal) changes in costs and benefits which result from undertaking the project. This is called the partial analysis approach (45) .
Level and type of analysis and data requirements
Within any economy, animal diseases will affect the following groups: producers, consumers, associated agribusiness, government and society. In any analysis, therefore, one must:
-decide on whose behalf the analysis is being conducted -identify the relevant costs and benefits to these groups (11, 46) . Table I provides a guide.
In order to measure the effect of disease on economic agents, the following information is required:
-data on changes in productivity and production (e.g. mortality, daily weight gain, etc.) -socio-economic data (e.g. use of labour and services) on the farm and off the farm, depending on the level of analysis.
It is not an easy task to isolate and quantify the impact of an animal disease because the effects: -are not always obvious and pronounced -are influenced by other factors, such as management and environment (i.e. production and productivity losses can have causes other than diseases and are thus multifactorial) -will be different at different stages in time, thus adding to the complexity of evaluating the impact of the disease -are often seen in a complex with other diseases (40) .
A number of mathematical and 'simulation' models have been developed in an attempt to try to isolate the effect of disease on livestock and the livestock industry. Useful models are those that treat disease as an economic phenomenon, and identify all the ways in which the disease impinges on economic values. Such models should start from the animal herd, developing links that encompass the entire livestock sector and the wider .economic system. This entails linking epidemiological models and adding data to the economic models (Fig. 1) .
FIG. 1 Linking epidemiological models and data to economic models in animal health economics
The economic model then indicates what type of data and what level of aggregation are required. The data, in turn, are obtained via socio-economic surveys and epidemiological investigations. Hence, economic analysis demands the integration of both epidemiology and economics (5, 30) . Models used include theoretical economics models (e.g. farm-level models and industry-level conceptual models) and those given below.
Techniques

Quantitative modelling techniques
Quantitive modelling techniques may be used to forecast technical and socio economic quantities or to study associations. Statistical and epidemiological models are explained by Ngategize and Kaneene (40) , whereas Hurd and Kaneene review in detail the application of 'simulation' models (24) (40), Renkema (46) and Ellis and James (17) .
Decision analysis
Decision analysis techniques are helpful when making choices under conditions of uncertainty, especially with complex but poorly structured economic problems. Risk analysis is incorporated in the technique. Data on risk probabilities (empirical or imputed) are essential. The technique can be used at the producer level or at higher levels of aggregation. Techniques used may be divided into the following: 
Simulation
Simulation attempts to mimic real-life occurrences of variables (states and quantities) over time. Figure 1 demonstrates the link between the epidemiological model/input and the economic model. Epidemiological simulation can take one of two forms. Either individual animals within a herd are 'observed' over time, their states changing stochastically, i.e. as governed by the laws of probability. Alternatively, a herd of animals is moved through time, with these animals changing states deterministically using fixed transition coefficients. In stochastic modelling, risk is taken into consideration by the use of probability distributions (i.e. Markov chain models) or by using random numbers drawn from probability distributions (i.e. Monte Carlo simulation). Simulation is a non-optimising method useful in analysing variable dynamics in different scenarios. Economic variables may also be simulated (3).
Optimising mathematical models
Optimising mathematical models makes use of linear programming and variants which, although purely mathematical procedures, are useful aids in resource allocation work where constraints abound (3, 11, 40) .
Budgeting techniques and cost analysis in animal health economics
Budgets are a planning tool in animal health economics (Table II) . Partial budgets use the partial analysis methodology.
Cost-benefit analysis
When the planning framework covers more than one year, cost-benefit analysis, employing the methodology of partial analysis, is the technique used. The main variations are given in Table III. As the plan covers more than one year, adjustments should be made for time value of money (opportunity cost of capital), inflation and uncertainty (about values of variables and relationships between variables in dynamic processes) ( Table IV) . The analysis should also take into consideration the attitude of the 'decision-maker' to risk.
TABLE III
Cost-benefit analysis in animal health economics
Level of analysis
Technique ( * McInerney (31) shows the superiority of the NPV criterion over the internal rate of return and the benefit cost ratio when ranking projects. The NPV is based on marginalist principles, whereas the other two are not 
IMPLICATIONS FOR INSTITUTIONALISATION OF ANIMAL HEALTH ECONOMICS
Mlangwa and Kisauzi have described the need to teach economics in the undergraduate curriculum in sub-Saharan Africa, in addition to examining the organisation of such courses, the curriculum and the resources required (35).
The authors have described how economic analysis is the application of economic methods based on the theoretical framework (i.e. concepts and principles). Veterinarians wanting to practise as economists (working in research, animal health policy formulation and evaluation or economic analysis of interventions) should be thoroughly trained in economic theory and methods, preferably via courses in agricultural economics, including macroeconomics or the links between macro and micro economics. These courses should be supplemented by training in epidemiological principles and methods. Sub-Saharan Africa needs to institutionalise animal health economics and policy, and to offer graduate-level courses in veterinary economics (39, 42) . The objective must be to ensure that agricultural economists become interested in animal health economics, or that veterinarians are trained as animal health economists, or both. Since conversion courses (foundation or remedial economics courses) are now available in a number of universities, the option of training veterinarians in economics is quite feasible, and indeed there are several veterinarians who are already well trained in economic theory and methods. Dorn predicts that more veterinarians with graduate training in economics will be needed (13) .
The need for, and training of, economists should be given due attention by veterinary epidemiology and economics units in universities, government and the private sector. It is not simply a question of asking a person who has been trained as an epidemiologist to work as an economist. At the same time, epidemiologists should be encouraged to take basic courses in economic theory and methods in order to collaborate effectively with economists.
CONCLUSION
For the successful institutionalisation of animal health economics in veterinary delivery systems, it is essential that the nature of economics and the relationship between economics and epidemiology is understood. Whether one regards economics as a part of epidemiology, or as a distinct discipline, the theoretical basis of economics is so comprehensive and so fundamentally different from the basis of epidemiology that any person wishing to practise as an economist must undergo a thorough training in the theory and methods of this discipline. PALABRAS CLAVE: Economía -Economía de la sanidad animalEconomía institucional -Economía veterinaria -Epidemiología y economía.
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